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DIFFERENTIAL RESPONSES TO NITROGEN FORM AND
CONCENTRATION FOR ORYZOPSIS HYMENOIDES
AND ELYMUS LANCEOLATUS

Robert S. Nowak!. Chersl L. Nowak2, and Jay E. Anderson3

TRl It « greenhonse experiment. effects of nitrogen form and concentration on productivity and dry matter
Leatior hittercd betweon two species native to semiarid ecosystems of the Great Basin. Aboveground production of
crcen sirtace arca and of dnmatter were consistently enhanced by increased nitrogen for the rhizomatous grass Ely-
ws Jare e olafus. but not for the bunchgrass Oryzopsis hymenoides. These differences were likely due to inherently low
srowtl rates of O hymenoides Aboveground dry matter allocation also differed between the two species. O.
T nonde s had more leas es per tiller with increased nitrogen. whereas leaf size but not number increased for E. lance-
Jutus Furthernpore, inereases m tiller density with increased nitrogen for E. lanceolatus were almost three times
sreater than those for O, hymenoides. E. lanceolatus. but not O. hymenoides. was sensitive to the form of nitrogen sup-
plied to the plants. When N =\ was the only form of nitrogen supplied. high concentrations of NH =N inhibited

aboy eground production of E. lanceolatus.

Koy words. dry matter production. dry matter allocation. ammonium-N. nitrate-N. nitregen use efficiency. relative

vrowth rate. On zopsis hyvinenoides. Elvmus lanceolatus.

Water availability is generally acknowl-
edged to be the abiotic factor that most limits
productivity of semiarid vegetation  MacMa-
hon and Schimpf 1951, Skujins 1951 . and
nitrogen is thonght to be the second-most lim-
iting factor James and Jurinak 197S. Skujins
19511, However. evidence from field fertiliza-
tion experiments that nitrogen limits produc-
tivity is not conclusive 'Smith and Nowak

1990, Procednral problems may be partially

responsible for the Tuck of a response to nitro-
gen fertilization in ficld trials. For example.
low rutes of application ' Jumes and Jurinak
197S. Fairbourn and Rauzi 19520 may not be
sufficient to stimulate a statistically significant
cffect. Because the form of nitrogen affects
plant zrowth ' Bollard 1966. Sinith ot al. 1953).
the formn of nitrogzen applied can also affect
the vegetation responses. Of greater interest
are biological and ecological processes that
may mfluence the response of vegetation to
fertilization. These processes include 110 loss
i fertilizer nitrogen by volatilization or other
rocesses  Klubek ot al. 1975, Westerman and

ot .
Bicker 197502 inherently low growth rates

if pl that mhabit low nutrient environ-

nt Chapg 1950 0 and 30 inherent differ-
ences arune Apeacs methair responses to fer-
tilizat it i 1957 .

by e

Differentiating between procedural prob-
lemis and ecolodical processes has made it dif-
ficult to clearly elucidate the relationships
between plant productivity and the form or
supply of nitrogen for plants in a natural,
semiarid environment. However, experimen-
tation in controlled environments minimizes
problems associated with field experiments
such as the following: (1) other growth condi-
tions are optimized. (2) a range of application
rates can be readily used, (3) different forms
of nitrogen can be easily applied, and (4) indi-
vidual responses of different species can be
determined. Thus, we conducted a glasshouse
experiment to determine the effects of nitro-
gen form and application rate on dryv matter
‘DAL production and allocation for some rep-
resentative Great Basin species.

Two forage grasses that are widely distrib-
uted throughout semiarid rangelands in the
Great Basin and that represent two of the
major growth forms of grasses were selected
for this study: Oryzopsis hymenoides (R. & S.)
Ricker and Elymus lanceolatus (Seribn. & J. G.
Smith) Gould. Although the geographic distri-
butions of these two species differ, they can
ocenr together in native stands where their
distributions overlap. O. hymenoides is a
perennial bunchgrass that grows in cold-
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desert environmments that reccive less than
100 1 annual precipitation to over 200 nnn
{(Robertson 1976. Jones 1990). Like O.
hymenoides. E. lanceolatus is a native. peren-
nial, drought-tolerant grass, but E. lanceolatus
has a rhizomatous growth form. E. lanceolatus
previously was known as Agropyron dasys-
tachyum (Barkworth and Dewey 1955), and
many authors also treat E. lanceolatus and A.
riparium as synonvius [ Hiteheock and Cron-
quist 1973, Cronquist et al. 1977, Barkworth
and Dewey 1955). Because it was impractical
to transplant E. lanceolatus plants into pots for
our greenhouse experiment. a cultivar of E.
lanceolatus called Sodar was used. Sodar is a
naturally occurring variety that was released
in 1934 as a special-purpose grass to provide
groundcover rather than forage (Douglas and
Ensign 1954). Sodar has been widely used for
revegetation in the area from which we col-
lected the O. hymenoides plants used for
transplanting.

The primany objective of our study was to
determine the effects of nitrogen form and
application rate on DM production and allo-
cation for these two semiarid species. Because
DI production may also increase the surface
arca available for photosynthesis. we also
measured green surface area. DM allocation
was analvzed as changes in tiller production.
number of leaves per tiller, Teal DM,
sheath/stem DXL and root DML

M ETHODS

Plant Establishment

Plants of O. hymenoides and E. lanceolatus
were established in 12-L pots at plant densi-
ties that were representative of natural field
conditions. hitial plant densities were 1 plant
per pot for O. hymenoides and 15 per pot for
E. lanceolatus. Pots were filled with clean
sand, and 40 pots of each species were used.
Plants of O. hynenoides were originally col-
lected from the U.S. Department of Encray.
tdaho National Engineering Laboratory. in
late fall. The previous summer’s growth had
senesced by this time. and plants were dor-
mant. One O. hymenoides plant was trans-
planted into each pot. Seeds of E. lanccolatus
ov Sodar were germinated in petri dishes. and
15 seedlings were planted into cach pot. All
pots were placed in a greenhouse. where the
experiments were conducted. Greenhouse air
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temperature varied from 20°C at night to
30°C during the day. Plants received only
solar irradiance. which typically peaked at a
photosynthetic photon flux densits 'PPFD. of
1.1 mmol m=2 s-1,

After two months of growth. cach species
wis sorted into four size classes hased upon
the number of tillers in the pot. Tiwo replicates
from cach size class were randomhy selected
for a pretreatiment destructive harvest total
sample size of cight pots per species'. The
remaining 32 replicates of each species were
assigned to the eight nitrogen treatments with
a stratified-random technique to insure ade-
quate interspersion tHurlbert 19541 At the
initiation of the experiment. the pots with O.
hymenoides had 62.1 £ 3.5 tillers per pot
average = ostandard error with 2.6 = 0.1
areen leaf Dlades leaves: per tiller. whereas E.
lanceolatus had 13.3 £ 0.3 tillers per pot with
3.2+ 0.1 leaves per tiller.

Nutrient Solution Treatments

Ruakura nutrient solution ' Smith ¢t al.
1953) was selected for these experiments
because pasture plants grown in Ruakura
solution consistently vielded more DM than
those grown in seven other nutrient culture
solutions. The Ruakura solution has a 1:3 ratio
of NH ;=N to NO5=N. and concentrations of
other nutrients do not appear to limit plant
agrowth or to accumulate in toxic proportions.
Eight experimental treatments were used that
varied both the concentration and form of
nitrogen Table 1. Four concentrations of
nitrogen with hoth forms of nitrogen in the
nutrient solution were used: 23% 1.25 . 50%
0.55, 100% 11.0). and 200% 2.01 of the full-
strength concentration of nitrogen. In addi-
tion. two concentrations 10.25 and 2.0 of the
full-strength nitrogen concentrations were
used for solutions either with NH =N as the
only nitrogen form or with NO3=N as the anly
nitrogen form.

For our experiments. only the concentra-
tion of nitrogen in the nutrient solution was
changed. The concentration of most other wons
was held constant. as opposed to vanving the
concentration of all other ions in concert with
nitrogen. To maintain the proper concentra-
tions of the other nutrients. caleium. earbon-
ate. and chloride salts were used as needed to
prepare the nutrient solutions. Pots received
750-ml applications of the nitrogen solution
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m the nutrient solutions used during the experiment.

2 by wini

1is that e —‘1\5‘::4' 1 11 nutrient solutions.

\acronutrients Micronutrients

K = B Fe = 30

S = 60 B = 05

[P - 10 Mo o= 05

\lg = 2] VA = 025

Na = 15 Cu = 0.04

Mo = 0.01
\Lu-:.aﬁ‘-m\ whose concentration varied with dilferent nutrient solutions:
N\ utrieat solution

\ FForm of mtrogen NO =N NN Ca Cl
2.0 NN + NON 396 132 305 9
10 NIN + \NO&-N 195 66 127 9
03 NN +NON 99 33 127 9
025 NN +NO-N 19.5 16.5 127 102
20 NO N only 525 0 655 9
025 NO -Nonh 66 0 127 SY
2.0 NI N ondy 0 328 127 224
(.25 NI\ only 0 66 127 224
Aot ol total miteszen i nutnent solution relative to full-strength Ruakura.

twice weekly, and applications of nuntrient
solntions were alternated with tap watering.

Pretreatment Productivity Measurcments

Dimensional measurements were used to
estimate initial DN compartments of the
treatment pots. Three tillers from cach E.
lanceolatus pot aud {ive from cach O.
hymenoides pot were randomly selected for
destrinetive harvest; more tillers were sampled
from O. hymenoides becanse those pots had
more tillers. The nnmber of green leaves per
tiller was conmted, and the total length of all
green leaves on a tiller and of all green
sheaths and stems on a tiller was measured.
For the cight pots of cach species that were
selected for the pretreatment harvest. project-
cd arcas and dryv weights of leaves and of
sheaths stenis on these same tillers were also
meastred

Relationships hetween length and both
area and weight were computed. Power

regrossions ol length versns cither area or
weight had higher R vadues than simple lin-
car or log-tn rearessions for O, lugmen-
oid \ i sression with an
intercept add the hichest R2 valnes for
k. lanceola ’ for all reeression

cuations we s less than

001 for cach 1cs v eraged

.SS for the cight regressions, with a range of
70=9S. These equations were then used to
estimate the initial, pretreatment leaf area.
leaf DM sheath/stem area, and sheath/stem
DM per tiller for the treatment pots. Total
grcen area per tiller and total DM per tiller
were caleulated by summing the leaf and
sheath/stem fractions. The initial teaf area
index (LA of cach treatment pot was estimat-
ed by multiplving the mean total area per
tiller for that pot by the total number of tillers
in that pot. Initial standing erop was the prod-
uet of the mean total DM per tiller and the
total unmber of tillers in that pot. Both LAI
and standing crop were expressed on a pot
area basis.

None of the pretreatinent measurements of
arca or DN were significantly different
among the experimental groups for both
species (data not shown). Thus, replicate pots
were adequately stratified among the experi-
mental groups belore the initiation of the
treatments, and posttreatment differences
among treatinents can be attributed to effects
of the nntrient solution rather than to initial
differences in the experimental groups.

Posttreatment Productivity Measurements

Aboveground standing crop at the end of
the experiment for cach pot was determined
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with both destructive harvest and estimation

techniques. We measured the number of
green leaves per tiller as well as green leal

and green sheath/stem arcas for three E.
lanceolatus and five O. hymenoides randomly
selected tillers. We also measured drv weights
ol both green and dead fractions for leaves
and sheath/stems for these same tillers. Total
green area per tiller and total (green plus
dead) DAL per tiller were caleulated by sum-
ming the leal and sheath/stem compartiments.
Posttreatment LAT and standing crop for cach
pot were estimated in the same manner as
pretreatment values. Relative growth rates
(RGR) ol DN and of tillers were calenlated
from the pretreatment and posttreatment
measurements of DN per tiller, standing crop.
and number of tillers per pot. RGR was com-
puted using the classical interval equation
(Chiariello et al. 1989).

Three soil samples were taken from the
center ol cach pot to determine belowground
standing crop. Each sample was 237 ml (S 0z).

and samples were taken from near the top ol

the soil surface, the middle ol the soil prolile,
and near the bottom of the pot. The three
samples were composited. and organic matter
and soil particles were separated with a “root
washer™ (Smueker et al. 1952). Live roots
were then separated from dead organic matter
by a staining technique (Ward et al. 1978).
dried, and weighed.

Plant and Soil Chemical Analvses

Total nitrogen concentrations for the green
leaf, green sheath/stem, and senesced tissue
compartments were determined with a CHIN
analyzer (Perkin-Elmer Model 24005, All
green leaves on the three E. lanceolatus tillers
that were harvested in cach pot were pooled
together, then ground to 0-mesh size. Simi-
larly, all green sheath/stem and senesced tis-
sue fractions from E. lanceolatus tillers as well
as cgreen leaf. green sheath/stem, and
senesced fractions for the five O. hymenoides
tillers were pooled and ground. The nitrogen
concentration of cach fraction was multiplicd
by the respective dry weight, and those prod-
ucts were then summed 1o caleulate a total
weight of nitrogen. or nitrogen pool size. per
tiller. Tiller nitrogen pool size was multiplicd
by the total number of tillers in that pot to
determine nitrogen standing crop for cach
pot. Finally, the amount of abovegronmd DA]
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produced per unit of aboveground nitrogen
uptake. which we term nitrogen use efficiency
INUL). was calenlated from the ratio of post-
treatment standing crop minus initial standing
crop to posttreatment nitrogen standing erop
minus initial nitrogen standing erop.

To determine soil properties, we took a sce-
ond set of soil samples adjacent to the root
samples. Soil analyses were conducted by the
Soil Analysis Laboratory of the Nevada Agri-
cultural Experiment Station using standard
techniques. Electrical conductivity (15C) and
pll of the soil water were determined follow-
ing the methods of Richards (1934). Ca. Mg,
and Na were determined on saturation
extracts with an atomic absorption spectrome-
ter Perkin-Elmer Model 5000). Total nitrogen
in the soil was determined with Kjeldahl
analysis modified to inelude NO3=N. These
same soil chemical properties were also deter-
mined for soil sanples taken from the pre-
treatinent, destructive harvest pots.

Statistical Analyses

Analysis of variance (AOV) techniques
were used for data analvses. One-way AOVs
were used to determine if pretreatment DN
measurements differed among the eight
experimental groups. Posttreatiment soil
chemical properties and plant productivity
were analvzed with a two-step procedure
beeause our experimental design had missing
cells: i.e., the two intermediate nitrogen con-
centrations were not used for the solutions
with NH =N only or with NO;=N only. The
first statistical analvsis was to determine the
interactive effeets of nitrogen form and con-
centration on DN production and allocation.
Each species was analvzed with separate two-
way AOVs. Each AOV had two main effects:
nitrogen form in the nutrient solutions ‘three
levels: NOs=N onlyv. NH =N onh. and both
forms) and nitrogen concentration in the
nutrient solutions (two levels: 0.25 and 2.0 .
For significant terms in the AOVS, means
were compared with 1LSD techniques, taking
into account the appropriate precantions
‘Snedecor and Cochran 19671 The second
statistical analvsis had two objectives: first, to
determine il DM production and allocation
changed linearly with the concentration of
nitrogen in the nutrient solution: and sccond.
to determine if this relationship differed
between the two speeies. Split-plot AOVs
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with covanance aalvsis and linear contrasts
were used in this second step. Nitrogen con-
coentration in the nutrient solutions (four lev-
els: 0.25. 0.3, 1.0, and 2.0) was the main plot
treatment factor, with species (two levels) as a
split-plot factor. Because of the initial differ-
ences hetween species, pretreatment area and
DM measurcments were used as covariates
for cach respective posttreatment variable.
Cocfficients for the lincar contrasts were cal-
culated according to procedures described in
Gomez and Gomez (1954). For all statistical
analyses, P < .05 was considered significant.

REsULTS

Ioffects of Solution Nitrogen Form
on Productivity

DM PRODUCTION AND ALLOCATION.—The
form of nitrogen influenced aboveground pro-
ductivity and allocation of E. lanceolatus but
did not significantly affect root DM nor
root:shoot ratios (Table 2). The effects of nitro-
gen form on DM production and allocation
occurred primarily at the high concentration
of nitrogen. Although the nitrogen form main
effect was significant for only the four mea-
surements of green surface area, all but four of
the dependent variables had a significant
interaction term. For each of the dependent
variables that had a significant interaction
term in the 2-way AOV, DM production for
pots supplied either with both forms of nitro-
gen or with NO3=N only increased with
increased nitrogen concentration. However, the
corresponding measurement of DN produc-
tion for pots supplied with the 0.25 NH (-N
only nitrogen solution was not significantly
arcater than that for pots supplied with the
2.0 NI1=N only nitrogen solution. Thus,
close inspection of the interaction terms
showed that inhibitory effects of nitrogen
form occurred only il a high concentration of
NH (=N was the sole source of nitrogen.

The form of nitrogen did not affect DM
production or allocation of O. hymenoides
data not shown . Neither the interaction term
nor the nitrogen form main effect was signifi-
cant in the 2-way AOVS for the same 15 vari-
ables listed for E. lanceolatus in Table 2.

TISSUE NITROGEN AND N ITROGEN
USE EFFICIENCY.—: menoides. the
cffects of the form of mt ded anong
the different nitrogen compartments Table .‘3‘,‘.
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The main effect of nitrogen form was not sig-
nificant for the coneentration of nitrogen in
areen sheath/stem tissue, the total pool size of
nitrogen in a tiller, and the total aboveground
pool size of nitrogen in a pot. For senesced tis-
sue, mean nitrogen concentration of tissue
from pots that reccived both forms of nitrogen
was significanthy lower than that for plants
that received only one form of nitrogen. For
areen leaf tissue, tissue nitrogen concentra-
tion for plants that received either both forms
of nitrogen or NO3=N only was significantly
lower than that for plants that received
NH,~N only. However, NUE of plants that
received NH =N only was significantly lower
than NUE of those that received either both
forms of nitrogen or NO3=N only.

For E. lanceolatus, the torm X concentra-
tion interaction terms were significant for four
of the six nitrogen compartments: leal nitro-
gen concentration, tiller nitrogen content,
nitrogen standing crop, and NUE (Table 3).
For these four compartments, means for dif-
ferent forms of nitrogen in the 0.25 nutrient
solutions were not significantly different. For
the 2.0 nutrient solutions, means for leaf
nitrogen concentration, titler nitrogen con-
tent, and nitrogen standing crop with both
forms of nitrogen were significantly greater
than means for those compartments either
with NH =N only or with NO3-N only. Mean
NUE with both forms of nitrogen was, howev-
er, significantly less than that with NH =N
only or NO3=N only. The main effeet of nitro-
gen form was significant for nitrogen concen-
tration of senesced tissue: mean concentration
for pots that received NH =N only was signif-
icantly greater than for pots that received
NO3=N only, but the mean for pots that
received both forms of nitrogen solution was
not significantly different from the other two
nieans.

Effects of Solution Nitrogen
Concentration on Productivity

DM PRODUCTIVITY AND ALLOCATION.—The
effects of inercased nitrogen concentration on
arcen surface arca and DM production were
significantly greater for E. lanceolatus than for
O. hymenoides (Fig. 1). Over the range of
nitrogen concentrations used, both garecn area
and DM of E. lanceolatus increased linearly
with nitrogen concentration for measurements
on a leaf. tiller, and ground area basis (Figs.
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Fig. 1. Aboveground green surface arca and DAL for O. lupucnoides 1\ Coand E- lanceolatus 1B at the end of the
greenhouse experiment. Means and standard error bars at caeli concentration of nitrogen - the nitrient solution are
given. A, B: Green leal area per tiller (solid circles, solid lines), total green arca per tller open areles, dashcd hnes
and green leaf area index (diamonds, dash-dot-dot lines). C. 1 Leaf DN per tiller solid carcles. solid Timest total DA
per tiller (open eircles, dashed Tines), and aboveground standing crop diamonds. dash-dot-dot lines: Lines are Tinear
regressions of the data if linear contrasts were significant or horizontal linesaf the lincar contrasts were notsignilicant
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Fie. 2. Belowground DN lor O, hymenoides (A and E. lanceolatus (B) at the end of the experiment. A B: Root DM
solid circles. solid lines) and root:shoot ratio (open circles, dashed lines). Other graph characteristies are as given in

Figure 1.

18, 1D). Although the lincar contrasts of the
three arca measurements with nitrogen con-
centration were significant for O. hymenoides
(Fig. 1A). these increases in surface area with
nitrogen concentration were much less than
those for E. lunceolatns (Fig. 1B). For the DM
compartments of O. hymenoides (Fig. 1C), lin-
car contrasts were significant for leal and
standing crop DM, but not for tiller DM,

Root DN was not affected by nitrogen con-
centration in either species (Figs. 2A, 2B).
Root DN for E. lanceolatus, however, was sig-
nilicantly greater than that for O. lupnenoides
at all nitrogen concentrations. Root:shoot

RS ratios of E. lanceolatus significantly
deercased with inercased nitrogen coneentra-
tion. whereas those of O, hymenoides were
nnalfected by nitrogen concentration.
\lthoneh R:S ratios were not siamificantly dif-
ferent hetween species at low nitrogen con-
ecntrations. they were significantly greater for

, , . .
O. lapmenoides at high nitrogen concentra-

ti¢
I s T
Nl ( mercased with inereased
nitrog tion for both species (Fig,
] . 1 ] L) .
3.1 / noides grown at high
nitroge i dso had more green

lcaves e wiat low nitro-
ZONn concel However the

nmber of lea lunceolatus

was unaffected by nitrogen concentration
(Fig. 3B). Finally, both tiller density and mmn-
ber of ureen leaves per tiller for E. laneeolatus
were significantly greater than those for O.
hymenoides.

Except for DN per tiller for O. hypmenoides
(Fig. 4A). increased nitrogen concentration
increased RGR (Fig. 4). In addition. RGR of
DAL on a tiller basis, of DM on a crop basis,
and of tiller number for E. lanceolutus (Fig.
4B) were significantly greater than those for
O. hymenoides (Fig. 4A).

TISSUE NITROGEN CONTENT AND NITROGEN
Usk: EFFICIENCY.—The concentration of nitro-
gen had a significant effect on tissue nitrogen
concentration of both species (Figs. 5A, 5B).
Tissue nitrogen concentrations increased with
increased concentration of nitrogen. Nitrogen
concentrations of green tissues were signifi-
cantly greater for O. hymenoides than for E.
lanceolatus except at the highest solution
nitrogen concentration. For senesced tissue,
tissue nitrogen concentrations were similar
for hoth species at low solution nitrogen con-
centrations, but E. lanceolatus had signifieant-
Iv higher tissue nitrogen concentrations than
O. hymenoides at the high solution nitrogen
concentration.

Aboveground pool sizes of tissue nitrogen
signilicantly increased with solution nitrogen
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concentration for both speecies, but NUE
decreased with inercased solution nitrogen
comcenbration Figs. 5C. 51). Nitrogen pool
sizes. exprossed either as the total amount of

mtrogen per tiller or as the total amount of
nitrogen in the erop. were not significantly
il it between species at low solution
n 1 itrations. but nitrogen pool
NY I i itrogen coneentrations
lor 1./ nificantly greater
than th NUEL i, the
amonnt ol N produced per
amount ot nil wis not signifi-

canthy different b

Soil Chiemical Properties

The form and concentration of nitrogen in
the matrient solution had only minor effects
on soil chemical properties. Of particular
interest was soil pH. Nitrogen form signifi-
cantly affected the pH of soils from O.
hiypmenoides pots: pH of soils that received
both forms of nitrogen (7.6) was slightly hut
significantly Tower than pH of soils that
received either NHL=N only (7.8) or NO3-N
only (7.9). Small but significant dilferences in
pH among nitrogen-concentration groups also
occeurred, but only for soils from E. lanceola-
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Tapri 4 Pretreatment (Pretrt) and postireatment chemical propertios ol soil sanmples composited Trom cach pol and

analyzed by standard soil techniques.

Nilrogen solutions

Edaphic property Pretrt 0.25 0.3 1.0 2.0
O. hymenoides
pll 7.6 TS 7T 7S T
Cations
Calmeq 1 1) 1.0 9.5a 6.2a 20. fa 39.90
Mg (meq 11 0.5 2.la 1.6a 4.5h L9)
Na (meqg1-1) 1.6 2.5 2.3 3.6 2.6
ECdSm 1) 0.1 1.2a 0.9a 2.2a 51b
Nitrogen
Total N (pg ¢! 71 135 273 65Ya 15350
E. lanceolatus
pH S.2 S.0b S.3¢ S.5¢ T Su
Cations
Calmeql 1) 34 7.3a 5.3a 11.7a 21.30
Mg (meq ! ) 0.7 1.7 1.4 2.4 29
Nu (neq 1) 1.5 2.9a 1.2 3.0al 2.3a
EC (S mh 0.5 1.0a 1.24 1.4ab 2.2)
Nitrogen
Total N (ngg ) 82 6Ya TSa 108h T3¢

AStatistical differences among posttreatment means are indicated by different letters nrarow rows wathont letters mdicate that the AOV terms were not significant

{us pots (Table 4). For both species, Ca con-
centration was significantly greater only al the
highest nitrogen concentration (Table 1), but
nitrogen form did not affect Ca concentration
(data not shown). Except for total soil nitro-
gen, the effects of form (data not shown) and
concentration (Table 4) of solution nitrogen

were either not significant or significant but of

small magnitude. Total soil nitrogen signifi-
canthy increased with inercased concentration
of nitrogen in the nutrient solution for both
species (Table ).

DISCUSSION

Effeet of Solution Nitrogen Form
on Productivity

Aboveground DM production and alloca-
tion for E. lanceolatus were sensitive to the
form of nitrogen in the nutrient solntion.
whereas those for O. Tiymenoides were not.
This sensitivity of E. lanceolalus to nitrogen
form does not appear to he induced by soil
pH. Productivity can be inhibited by acidifi-

cation of the substrate in the presence ol

NH N (Thomas et al. 1987) accompanicd by
a low pH-induced inhibition of NH -\

uptake (Vessey et al. 1990), but pll of soils
from E. lanceolatus pots was slightly alkaline
and not significantly affected by the form of
nitrogen in the solution. More likely, this sen-
sitivity to nitrogen form in . lanceolatus is
duce to some species-specific characteristies of
nutrient uptake or assimilation. For exanple,
E. lunceolalns may have a low level of gluta-
mine synthetase activity, which detoxifics
NI1=N in plants (Magalhaes and Ituber
1959). The fact that inhibition occurred at
high concentrations of N1TL=N but not at low
concentrations is consistent with this mecha-
nism. A low level of glutamine synthetase
activity would allow uptake and assimilation
of low N1L=N\ concentrations from the 0.235
mntrient sohition, but the high NH =N con-
centrations immediatehy following treatment
with the 2.0 nutrient solution may have
exceeded the plant's enzymatic capacity and
thus had toxic effects on the plants.

I2ffects of Solution Nitrogen
Concentration on Productivity

Abovecround DN production of E. lanceo-
latus was consistently enhanced by inereased
nitrogen availability, whercas that of O.
hymenoides was not. The difference between
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O Tymenowdes and E. lauceolatus cannot be
attributed simph to differences in their native
habitats. to ditferences in growth form, to dil-
ferences in storage of nitrogen within tissues,
or to Tow supplies of soil nitrogen. Plants from
less fertile sites are often less respounsive to
nutrient supphy than those from more fertile
enmvironments (Chapin 1950). Althongh O.
Lupmenoides is generally found on stightly
coarser soils than . lanceolatus, both species
interminegle in the area from which we colleet-
ed the O. lymenoides plants. It is also very
nnlikely that the cultivar of E. lanceolatus
nsed in our greenhouse experiment was inad-
vertently selected for response to applied
nitrogen for three reasons. First, the original
aceession for Sodar was a naturally occurring
varicty. and field trials were conducted on
native, unfertilized soils. Second. the cultivar
was released for its ability to form a ground-
cover under dry conditions rather than for its
forage production (Douglas and Ensign 1954).
Third, our field experiments with native
plants of hoth species show similar results
Smith and Nowak 1990, Nowak et al. manu-
seript). Thus, these two species share similar
hubitats but differ in their response to nitro-
gen supply. The differences in nitrogen
response between the rhizomatous grass E.
lanceolatus and the bunchgrass O. hiymenoides
also cammot be attribnted to a difference in
arowth forn. For example, other Great Basin
bunchgrasses such as Agropyron cristatuom
Holechek 1952), A, desertorun (Sneva 1973),
and Stipa thwberiane (Miller et al. 1991) have
increased DN production with nitrogen fertil-
ization. Thus, at least some grasses of each
arowth form in the Great Basin respond to
nitrégen fertilization. Liuxury consnmption,
i.c.resource acqnisition inexeess of resouree
use for current growth. is a mechanism in
plants from nutrient-poor environments to
acquire and store natrients for future growth

Bloom ¢t al. 19530 1In our study; tissue nitro-
i oncentrations of both species inereased
witl) sed level of nitrogen in the nuatri-

f Fhus. the inercased nitrogen
‘ tlissnes appears to be a gener-

ali, f both grass species to
inc vailability: rather than a
e [\ | 1 nd store nitrogen lor
futinre rates of nitrogen
applicati I nitrogen may
1)1‘('(‘]11(1\’ nse in !‘iv](.]
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cxperiments. Because soil nitrogen content of
O. lupnienoides pots was at least twice that of
pretreatment nitrogen contents and because
soil nitrogen inercased with increased solu-
tion nitrogen coneentrations, soil nitrogen
supply did not limit O. hymenoides growth.

The most parsimonious explanation for this
difference between species in their response
to nitrogen supply is that O. hyjenoides has
inherently low growth rates. Even under the
nearly ideal growth conditions in our green-
house experiment, low levels of solution nitro-
gen were adequate for O. hymenoides growth.
The relatively high nitrogen content of O.
lipenoides leaves (4-5%) also indicates that
nitrogen supply was adequate. The low
arowth rates of O. hymenoides are partially
dite to meristematic limitations. For example,
the proportional increase in tiller density from
the 0.25 to the 2.0 level of nitrogen was alimost
three times greater tor E. lanceolatus than for
O. liymenoides. Intercalary meristems of O.
lpenoides were also limited: the size of indi-
vidinal Teaves was not significantly alfected by
the nitrogen solution, whereas that for E.
lanceolatis progressively increased with the
nitrogen content of the nutrient solution.

DA allocation also differed between
species. Root:shoot ratios of E. lanceolatus
plants decreased with increased nitrogen con-
tent of the nutrient solution, but nitrogen con-
centration did not affect belowground DN
production of either species. Thus, the
decreased rootshoot ratios {or E. lanceolatus
arce primarily due to the increase in above-
around DM with increased nitrogen concen-
tration. However, the lack of an effect ol nitro-
gen availability on root production may be an
artifact of the limited rooting volume in the
pots. For examnple, results (rom field experi-
ments with E. lanceolatus differed from our
areenhouse experiment: root production and
root:shoot ratios inereased with fertilization in
the field (Holechek 1982).

Changes in DM production and allocation
can be primarily attributed to nitrogen con-
centration in the nutrient solutions rather
than to other soil chemical properties.
Although EC and cation concentrations of the
soils inercased with the nitrogen content of
the nutrient solutions. EC values were within
the range that does not show any adverse
effeet for many forage species (Western Fertil-
izer Handbook 1985). Iurthermore, both O.
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hymenoides and E. lanceolatus tolerate low to
moderate salinity (Donglas and Ensign 1954,
Robertson 1976). Because the concentrations
of most other ions were kept constant in the
nutrient solutions. variation in the concentra-
tions of other nutrients also did not confound
the experiment.

In summary, these two co-existing, peren-
nial grasses from semiarid habitats in the
Great Basin respond differently to both form
and amount ol plant-available nitrogen under
ideal growth conditions. Physiological
responses to nitrogen fertilization in field
experiments also differed among species from
the same vegetation type (Toft et al. 1989).
These results indicate that the variation in
responses to nitrogen fertilization in field tri-
als may be partially due to species-specific
characteristics. Thus, procedural problems
alone do not account for the kaek of response
to nitrogen fertilization in field trials. The
extent to which these differential, species-
specific responses to nitrogen influence com-
munity dynamics is unknown, but warrants
{urther study.
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